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Abstract 
In recent decades, multiple actions have been taken to counteract the relentless expansion of 
invasive alien species as well as to gain a better understanding of their effects on ecosystems. 
Here, we describe the approach designed by the Italian Botanical Society that is aimed at selecting a 
list of candidate alien plants to be subjected to a prioritization procedure. We selected a total of 96 
species on the basis of data related to their occurrence on both a national and regional scale, their 
invasiveness and their potential to invade plant communities and/or habitats of community concern. 
This list represents the first result obtained by applying this standardized workflow and is a first 
step towards the identification of those alien species that should be included in the national list 
according to Regulation (EU) n. 1143/2014. 
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1. INTRODUCTION 
Invasive alien species (IASs) can have strong socio-economic and ecological impacts and pose one 
of the most serious threats to the conservation of biodiversity and ecosystem functions on a global 
scale (Convention on Biological Diversity, 2018). Since the number of newly established IASs is 
rapidly increasing at the global level (Seebens et al. 2017), it is essential that reliable criteria be 
drawn up for the identification of the species that need to be controlled and managed most. 
In view of this threat, the European Parliament and the Council adopted Regulation (EU) n. 
1143/2014 on the prevention and management of the introduction and spread of IASs (European 
Commission 2014). This act, which entered into force on January 1, 2015, sets out rules to tackle 
the adverse impacts of IASs on biodiversity within the Union and includes the possibility for 
Member States to establish national lists of invasive alien species of national concern. Italy has 
implemented this regulation with the Legislative Decree no. 230 (15 December 2017) concerning 
the "Adjustment of national legislation to the provisions of regulation (EU) n. 1143/2014 of the 
European Parliament and of the Council of 22 October 2014, containing provisions aimed at 
preventing and managing the introduction and dissemination of invasive alien species". 
Accordingly, on behalf of the Italian Ministry of the Environment (MATTM), the Italian Institute 
for Environmental Protection and Research (ISPRA) has developed a series of projects aimed at 
creating a national database of IAS. 
These projects have involved the leading Italian scientific societies in drawing up a list of the alien 
species found in Italy that need to be stringently controlled. 
One of the most important outcomes of this strategy is expected to be a list of priority alien species 
that may be included in the National List of IASs [Article 12, of the Regulation (EU) n. 1143/2014, 
European Commission, 2014]. Within this context, the Italian Botanical Society (hereafter referred 
to as SBI) has been involved in: 1) updating the National Alien Plant Species Data Base 
(NAPSDB); 2) selecting a list of candidate Invasive Alien Plants (IAPs) to be further assessed at the 
national level; and lastly 3) adopting the prioritization methodology developed by ISPRA to 
identify alien plants whose inclusion in the national list ex Regulation (EU) n. 1143/2014 should 
receive priority. 
Italy has a long tradition of botanical research on non-native plants. Saccardo (1909) compiled an 
inventory of first records for a large number of introduced plants using information available in the 
literature and herbaria records since Roman and Medieval times. Béguinot and Mazza (1916) and 
Viegi (1974) later published comprehensive inventories of the Italian non-native flora. Since the 
early 2000s, the SBI has carried out a series of research projects funded by the MATTM to provide 
a global picture of the non-native vascular flora at the national scale (Celesti-Grapow et al. 2009; 
2010). In addition, a major effort has been made to identify, among the high number of alien species 
present, the few that may threaten the environment, human health or economy. Several projects 
have been carried out to assess the impact of alien species on the most vulnerable habitats (e.g. 
Bolpagni et al. 2015; Celesti-Grapow and Blasi 2004; Celesti-Grapow et al. 2016), as well as to 
describe the most relevant alien species across ecosystems (e.g. Bolpagni et al. 2013; Brundu et al. 
2013; Bolpagni and Piotti 2015; Lazzaro et al. 2016, 2017, 2018a; Lastrucci et al. 2018). 
Two examples of such species are Vallisneria spiralis, a very invasive alien aquatic species outside 
Italy (Bolpagni et al. 2015), and Ambrosia artemisiifolia (Gentili et al. 2017), an annual species that 
is typical of disturbed habitats (e.g. railways, riverbeds and arable fields) with a high allergenic 
potential. 
Using a standardized approach adopted by a nationwide network of botanists, all the data and 
assessments of alien plants, which are continually updated, are entered in a comprehensive system 
of integrated regional and national databases, which have provided the scientific basis for the 
development of plant invasion research and management in the country (Celesti-Grapow et al. 
2009). The species inventory, which was recently updated by Galasso et al. (2018), has provided a 
new national checklist of the alien vascular flora. 
The high number of established (syn. naturalised) alien taxa in Italy (791; see Galasso et al. 2018) is 
such that attention needs to be concentrated on a shorter list of species that focuses on a quantitative 
assessment of their impacts and effective management strategies. Hence, we applied a workflow 
that is based on the criteria laid out in the EU Regulation and is tailored to the Italian situation. 
Accordingly, the present paper is aimed at presenting the list of candidate species that should be 
prioritized and the methodology used to select these species. This list is a starting point for the 
prioritization of alien plants in Italy that may also be used to draw up national lists of invasive alien 
species of concern for other taxonomical groups (such as mammals, invertebrates and fish). This 
prioritization process and the resulting list will be discussed and defined during expert meetings 
coordinated by ISPRA, according to a consensus prioritization process aimed at consolidating the 
National List ex Regulation (EU) n. 1143/2014. 
 
2. MATERIAL AND METHODS 
A multi-criteria approach was developed and applied to select the list of candidate invasive species 
to be included in the prioritization procedure (sensu Branquart et al. 2016; Booy et al. 2017; 
Carboneras et al. 2018), as shown in the flow chart in Figure 1. This approach was designed to 
achieve the highest possible level of systematization and replicable interpretation of the knowledge 
available on IAPs in Italy. 
The criteria used are: 1) the species have to be established in the Italian territory, 2) the species are 
expected to a have high impact on biodiversity (subcriterion 2.1) and on community/habitats or 
ecosystem functions and services (subcriterion 2.2) and 3) the species have a limited or very narrow 
regional distribution (i.e. are present in a few regions). To sum up, the list of IAPs to be included in 
the national prioritization procedure should contain established taxa whose impact potential is high 
but whose spread in Italy is still limited. As a measure of the latter, we used as a proxy the 
establishment of the species in each of the 20 administrative regions. This approach, founded on the 
compilation of regional floristic databases yielded by local research projects, follows a consolidated 
tradition in Italy (Celesti-Grapow et al. 2010). We decided to focus on IAPs whose range is limited 
because the chance of success in case of national or regional eradication or control actions is likely 
to be higher. 
The presence and establishment of the species (criterion 1) and their impact on biodiversity 
(subcriterion 2.1) were considered at the national level. Indeed, we considered the establishment of 
each taxon and its ability to cause ecological impacts in at least one region as two indispensable 
inclusion criteria. The “community/habitat impact” and the “regional occurrence” (criteria 2.2 and 
3) were instead evaluated at the regional level (by considering the records available for each of the 
20 administrative regions of Italy). These last two criteria should account, respectively, for the 
potential or current risk posed by the IAPs and for the feasibility of management control (or 
eradication) actions. 
Our starting point was the NAPSDB hosted by the ISPRA and elaborated by the SBI (updated to 
31/12/2017, as provided to the ISPRA). This database is based on the first systematic review of the 
alien flora of Italy (Celesti-Grapow et al. 2009, 2010), which has continually been updated by 
regional experts since it was presented (Galasso et al. 2018; Italian Botanist: Notulae to the Italian 
alien vascular flora, see Galasso et al. 2018). The NAPSDB includes 1366 entities together with 
information on the status, occurrence and impacts of these alien plants at both the national and 
regional levels. The nomenclature and establishment status adopted in the NAPSDB follow the 
Italian checklist of vascular flora alien to Italy (Galasso et al. 2018). However, in few cases the 
well-established nomenclature adopted in a number of international databases was maintained in 
order to facilitate the sharing of information such as [e.g. Salvinia molesta D.S.Mitch. [= Salvinia 
adnata Desv.] and Setaria pycnocoma (Steud.) Henrard ex Nakai [= Setaria italica (L.) P.Beauv. 
subsp. pycnocoma (Steud.) de Wet]. As for the invasive status of the plants, we adopted the 
operational definition related to impacts based on IUCN decisions (Blackburn et al. 2014). 
According to this definition, an established species is considered invasive when responsible for the 
emergence of an environmental impact defined as “a measurable change to the properties of an 
ecosystem (by an alien species)”. 
We first excluded all the doubtful records and any species not recorded since 1950 from the 
NAPSDB. In addition, we excluded from the present analysis any species already subjected to 
specific legislation; i.e. already included in the List of Invasive Alien Species of Union concern. 
We thus obtained a list of 1206 alien plants that grow spontaneously in Italy, comprising taxa 
whose occurrence status is either established or not established. We subjected this list to a further 
selection by assigning “invasiveness” values to the taxa according to the following categories: 1 
Invasive, 2 Not invasive, 3 Not specified, and 4 Uncertain, considering only those species to which 
an “invasive” status was assigned. This selection procedure was finetuned by considering the 
assessments provided at the national scale by the Italian Society of Vegetation Science (SISV). 
These evaluations were elaborated within the framework of the project “Updating of the National 
Alien Species Data Base under the Work Program to support the Implementation of Regulation 
(EU) n. 1143/2014 on invasive alien species" (Lazzaro et al. 2018b). This parallel project gathered 
and evaluated all the national data available on the impacts of alien plants on natural habitats (sensu 
Habitat Directive) and plant communities, after which an expert-based evaluation procedure and 
consensus processes were applied during a national workshop. Species considered in the SISV 
database are indeed the same of NAPSDB, and thus these two databases overlap considerably. 
Nevertheless, the use of SISV databases allowed us to add some species considered to exert impact 
on natural habitats (sensu Habitat Directive) and plant communities, but not considered invasive 
according to NAPSDB. 
The regional occurrence of the selected established and impacting species was subsequently 
evaluated by setting specific spatial thresholds. Accordingly, IAPs were split into the following four 
classes of geographical representativeness: taxa reported in 1 to 3 regions, 4 to 6 regions, 7 to 9 
regions, and in more than 9 regions. The same classification was applied to species that have 
impacts at the community and/or habitat levels from SISV database (we thus considered only the 
species exerting impact in max 6 regions). Alien plants reported within the lowest categories (i.e. 
those occurring and/or exerting impacts in a few regions) can in theory be successfully targeted by 
means of control/eradication actions. It should indeed be borne in mind that the more widespread an 
alien plant is, the less likely it is to be successfully targeted by means of control, management or 
eradication actions. A priority status was hence assigned to alien plants with narrow spatial ranges 
(not more than six administrative regions). 
In summary, only species that fulfilled the following criteria were selected: 
1) being present and fully established in Italy by December 2017; 
2) being invasive; 
3) being potentially harmful to plant communities and/or habitats of conservation importance; 
4) not being widespread in Italy. 
In addition, a few species selected by the expert-working group (made up of the authors of this 
paper) by consensus and based on their experience in the field were also added to the list. 
We focused on taxa that were not identified by the criteria and thresholds laid out in the 
aforementioned selection procedures and could thus be considered as newcomers or emerging alien 
plants. 
 
3. RESULTS AND DISCUSSION 
A total of 96 species were included in the list of candidate species for Italy (Table 1). 
Specifically, starting from the NAPSDB, the first inclusion criterion revealed that 559 taxa – out of 
the total 1206 species investigated (equal to 46.6%) – are currently present in the country. The 
second inclusion criterion led to the identification of 143 of these species as “invasive”. 
When the regional distribution thresholds were applied, about one-third (43) of the invasive plants 
were found to be present in fewer than six regions: 19 taxa in no more than 3 regions and 24 taxa in 
4 to 6 regions. This list does not include taxa with doubtfully records [Acacia retinodes Schltdl.; 
Crassula helmsii (Kirk) Cockayne; Opuntia amyclaea Ten.; Myoporum tenuifolium G.Forst.], and 
species already included in the List of Invasive Alien Species of Union concern [Baccharis 
halimifolia L., Impatiens glandulifera Royle, Lagarosiphon major (Ridl.) Moss, Pennisetum 
setaceum (Forssk.) Chiov. [= Cenchrus setaceus (Forssk.) Morrone], and Pueraria lobata (Willd.) 
Ohwi]. 
The 43 invasive species extracted from NAPSDB that resulted “localized” (recorded in ≤ 6 regions) 
constitute our core taxa to submit to the prioritization procedures. Alongside this analysis, we 
selected further “localized” 44 invasive species from the list compiled by SISV including alien 
plants with an adverse impact on biodiversity at the community and/or habitat level. These species – 
occurring in not more than six regions based on SISV database but possibly in more than 6 regions 
in the NAPSDB database – are mostly considered only casual or not invasive in NAPSDB, but 
considered to exert some level of impacts according to SISV’ assessments (see Lazzaro et al. 
2018b). Merging the two sets, we obtained a preliminary list of 87 invasive alien plants to be 
submitted to the prioritization process (Table 1). 
This list was subsequently integrated by adding nine species with significant impacts on 
biodiversity but that, nevertheless, exhibit a rather low level of current impact at the national scale 
(for a total number of 96 candidate species; Table 1). We focused on taxa with a rather wide 
distribution and with clear, serious impacts [i.e. Acacia melanoxylon R.Br., A. saligna (Labill.) 
H.L.Wendl., Chasmanthe aethiopica (L.) N.E.Br., Cortaderia selloana (Schult. & Schult.f.) Asch. 
& Graebn., Quercus rubra L., Reynoutria x bohemica (Chrtek & Chrtková) Zika & Jacobson (= 
Reynoutria bohemica Chrtek & Chrtková), Senecio inaequidens DC., Sicyos angulatus L. and 
Tradescantia fluminensis Vell.]. Indeed, for these nine species effective management is believed to 
be still possible in Italy, at least in some regions or on islands. 
 
4. CONCLUSIONS AND FUTURE RESEARCH PERSPECTIVES 
Using a comprehensive dataset, a list of candidate plant species was set for a prioritization 
procedure that may lead to their inclusion in a national list of invasive species according to 
Regulation (EU) n. 1143/2014. This list is based on data collected over many years by an Italian 
network of botanists and plant ecologists, including data on the species’ regional distribution and 
invasiveness as well as on specific threats posed to plant communities and habitats of conservation 
concern. Indeed, we followed the main criteria of the Regulation (EU) n. 1143/2014, which places 
an emphasis on prevention and early warning approaches. 
Hence, we focused on species with a limited distribution within Italy that can, despite their 
invasiveness, be targeted for successful control/eradication efforts. Nevertheless, we also put the 
emphasis on the Italian situation, including species with a higher degree of spread, but whose 
control would be particularly beneficial. It should be noted that the list includes also species 
occurring in more than 6 regions. In some cases, these species correspond to those added according 
to the SISV database and expert opinion, but also due to the updates of the NAPSDB used in the 
first instance (dated 31/12/2017) and on regional occurrences (Galasso et al. 2018). These 
differences highlight how fast the spread and the distribution of alien species may change, imposing 
a continuous updating of databases. 
The 96 selected IAPs should not be considered as critical (excluding the nine taxa selected by 
expert consensus). These species then will undergo a further procedure (sensu Branquart et al. 
2016) designed to assess their current invasive potential and allow the priority taxa to be selected. 
This approach reliably identified invasive species of national concern for the conservation of 
biodiversity, and it may prove useful as a preliminary selection step in other contexts. 
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Table 1. List of the candidate species to be submitted to the national prioritization procedure 
for their inclusion in a national list according to the Regulation (EU) n. 1143/2014. For each 
taxon, we provide the number of regions in which the species occurs (according to Galasso et 
al. 2018 and subsequent update). Number of regions in which the species is having an impact 
on plant communities is given according to SISV database (Lazzaro et al. 2018b). Species 
marked with $ were added according to an expert-based assessment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
FIGURES 
Figure 1. Operational flow chart applied to the National Alien Species Data Base in order to select 
the list of candidate species to submit to the national prioritization procedure to be included in a 
national list according to Regulation (EU) n. 1143/2014. 
 
 
 
 
